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Abstract: Cattle grazing and fire are common types of management on natural ecosystems, generating
several threats to the conservation of native vegetation (e.g., changes in species richness, cover, and
abundance, mainly of bovine-palatable species). In this work, we analysed the response of the
structure and composition of vegetation managed with different cattle stocking rates and fire in the
savanna ecosystems of Colombia. The study was located in the eastern area of the Llanos region,
where savannas were subjected to grazing and burning. Regarding grazing, we classified the area
according to the cattle stocking rate (Bos indicus ~300 kg): NG = non-grazed, LS = low stocking
rate (0.5 ind ha−1 yr−1), and HS = high stocking rate (1.0 ind ha−1 yr−1). Controlled artificial
burning was applied in all the area at the beginning of the study, and surveys were conducted in the
same plots at pre-burn (t0) and four post-burn times (t1, t2, t3, t4), at 15, 45, 75 and 105 days after
burning. Vegetation composition (species list, life-form, palatability) and structure (bare soil and
vascular plant ground covers, species height and richness) were recorded at each sampling. Data
were compared through ANOVAs and multivariate analyses. We found 53 species in total: 26 in the
pre-burn treatment and 44 in the post-burn treatments, detecting an increase of 18 species considering
all treatments. Seven natives and two exotic species represented the dominant cover (>50%). LS
and HS had the highest number of palatable species in t0 (seven species) compared with NG (two
species), but this became similar after burning (14 species in NG, 12 in LS, and 11 in HS). ANOVAs
and multivariate analyses showed that plant assemblages were significantly different according
to the grazing treatment, and more homogeneous in pre-burn than in post-burn periods. Cattle
grazing favored higher covers of dominant palatable species (e.g., Axonopus purpusii) compared with
NG, but many native species with high palatability only recovered within the system after burning.
In the context of the current management proposals, the search for new alternatives other than
intensive cattle grazing and burning is needed to reconcile human production activities, international
commitments against climate change and biodiversity conservation in the savanna landscapes.
Keywords: grasslands; land management; plant assemblages; conservation; trade-offs; Llanos region
1. Introduction
Fire management is a frequent practice applied in many tropical savannas to promote
the vigorous regrowth of natural vegetation for cattle grazing [1,2]. Many studies support
that these vegetation communities need frequent disturbances to sustain the coexistence
of trees and grasslands, such as savanna burning [3,4]. Many plant species in fire-prone
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vegetation have adaptive strategies to persist under recurrent burning events and graz-
ing [5,6]. In the savannas of northern South America, such as those in the Orinoco plain
biogeographic region belonging to Colombia and Venezuela, burning activities have been
a traditional practice that maintains the native grassland landscapes [7,8], where cattle
ranching represents one of the few land-uses in which savanna conservation goals can
be achieved [9]. However, the use of fire is restricted in areas where it was considered
harmful to nature [4,5,7]. The expansion of agriculture, intensive cattle production and
forestry during recent decades has modified fire management practices and promoted the
introduction of commercial grasslands and forest plantations [8,10].
Several developing countries (e.g., Colombia) have promoted the reduction of green-
house gases that influence climate change, generating trade-offs between burning manage-
ment and intensive cattle production [10,11] due to global demand for food (e.g., meat) [5].
However, satisfying the high demand for food and other ecosystem services has costs
for biodiversity [12]. First, it is imperative to understand how vegetation responds to the
intensification of human activities (e.g., higher cattle stocking rates in natural grasslands),
and then to generate better management and conservation practices to reconcile sustain-
able land-use and maintain the local biodiversity of grasslands [13,14]. In many grassland
ecosystems associated with fire and grazing dynamics, bovine-palatable species could
be favored if intensive management practices are implemented [15], e.g., the selection of
species by palatability and nutrient content for grazing herbivores [16]. In this context,
natural grasslands with a higher cover of palatable species represent a management op-
portunity to integrate local conservation and production systems (e.g., free cattle grazing
systems) [17,18], reducing the need for monocultures of artificial grasslands with exotic
species that imply an economic cost in establishing the new methods and in mechanization
of the land, and improving the ecosystem services that they provide [9]. There is much
international scientific interest in understanding the integration between cattle systems and
conservation of natural grassland [9,19], due to the fact that savanna vegetation used for
cattle grazing is common in different continents (Africa, Australia and South America) [20],
and cattle (e.g., Bos indicus) are one of the most widespread species of large ruminant
livestock in the world [21,22]. The objective was to analyze the short-term response of vas-
cular plant species composition (species list, life-form, palatability) and structure (height,
richness and ground cover) of natural grasslands managed with different cattle stocking
rates and fire in the flooded savannas of Colombia. We want to answer: (1) How does
the vegetation composition vary before and after burning in non-grazed areas and when
managed with different cattle stocking rates (0.5 ind ha−1 yr−1 and 1.0 ind ha−1 yr−1
bovine equivalent)?; (2) What is the effect of different cattle stocking rates on vegetation
structure before and after burning?; and (3) How do the shared and exclusive species
(total number of species or palatable species) vary according to different cattle stocking
rates before and after the burning? Based on this information, we want to understand
the ecological role of cattle grazing and burning practices in the local conservation and
production systems in the savanna’s native grasslands.
2. Methods
2.1. Study Site
The study was conducted in Bocas del Pauto locality (05◦20′ to 05◦10′ N, 71◦4′ to
70◦48′ W, Figure 1) in the Casanare Department, in the eastern area of the Colombian
Llanos. It is located on the northern shore of the Meta river and has an area of ~300 km2.
The vegetation corresponds to flooded savannas (henceforth savanna) characterized by
natural grasslands, shrublands, and remnant of gallery forests [9]. The mean elevation
is 180 m.a.s.l., with an annual average temperature of 27 ◦C. The hot tropical climate
displays a unimodal seasonal pattern of rainfall, with a rainy season (April to October)
and a dry season (November to March) [23], reaching 2200 mm year−1 [24]. The period
from January to March is prone to spontaneous or induced fires due to intense drought [8].
The topography is flat-concave, and parts of the savannas (~60% of the study area) can
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be flooded for seven months each year (May to November). High elevation areas are
not flooded and are the most suitable for cattle grazing during the rainy season, whereas
flooded areas (low plains) and estuaries are more suitable for grazing during the dry
season and transition periods [25]. The most common soil type is classified as Plinthic
Acrisols [26]. Local economic activities (e.g., subsistence farmers and ranchers) are based
on cattle production, agriculture and subsistence fishing. The extension of ranches ranges
from 50 hectares to 8000 hectares, but most of the ranches have less than 2000 hectares.
Cattle ranching occurs mostly on natural grasslands, with a mean carrying capacity of
0.5 animal ha−1 (~300 kg of live weight) in the extractive-conservationist modality. The
study site was selected because it has a known history of cattle grazing (traditional grazing
management) and burning during the last ten years (Figure 2).
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2.2. Treatment Characterization and Data Acquisition
The experimental site is a flooded savanna that was subjected to annual cattle grazing
(Bos indicus ~300 kg) and burning (annually, but occasionally more than once per year) for
the last ten years. No other relevant anthropic impacts (petroleum exploration, oil-palm
plantations or rice cultivations) were identified in historical satellite imagery (Landsat 7
and 8 collection from 2000 to the present, taken from Google Engine at https://earthengine.
google.com/), which was corroborated with fieldwork visits. We defined three treatments
based on cattle stocking rate: (NG) non-grazed = savanna excluded from cattle grazing and
burning for at least 5 years; (LS) low stocking rate of cattle = savanna with cattle grazing
(0.5 ind ha−1 yr−1) subjected to annual burns; (HS) high stocking rate of cattle = savanna
with cattle grazing (1.0 ind ha−1 yr−1) subjected to annual burns. These low and high cattle
stocking rates were defined according to Rippstein et al. [27] for grassland in the study
region. The last grazing in LS and HS treatments occurred before April 2018 (~6 months
grazing in paddocks). We selected plots of a similar physiognomy and a homogeneous
natural savanna area, at least 50 m from gallery forests or introduced pastures such as
Brachiaria spp.
The savanna vegetation of each treatment (NG, LS, and HS) was burned in November
2018. The burning was simultaneously carried out by groups of two people per treatment.
Vegetation was studied in 5 plots of 50 × 50 per treat ent (NG, LS, and HS). The plots
(spatial replicas) ere located rando ly in each treat ent and ere per anently arked
for the entire study. ni al grazing (domestic and wildlife) was excluded using fences
1 m high. We conducted vegetation surveys 5 times in each plot (te poral replicas) during
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, r ti l ). r co er ( ) of bare soil as also esti ated using this scale.
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In early measurements, when species could not be taxonomically identified, morphotypes
were assigned. In addition, height (cm) of dominant species (>50% cover) was estimated
measuring the extended leaves. We also defined the life-form of the species (as graminoids,
forbs, shrubs and ferns), and the life-cycle (as annual or perennial plants) following Ripp-
stein et al. [27] (Table S1). Plant life-forms were studied because these are closely related
to the environmental conditions, showing similar patterns under equivalent impacts (e.g.,
grazing and fire management) in communities of different regions, which allow compar-
isons among them, even in different landscapes [30,31]. Finally, plant palatability for cattle
(low, middle, and high) was defined for species based on Peñuela et al. [18], although this
information does not exist for some species, which were classified as not-reported.
2.3. Data Analysis
Covers by life-form and total vegetation (%) were calculated for each plot and grazing
treatment in pre- and post-burn periods. To characterize the relationships between species
vegetation cover and grazing treatments, considering the pre- (t0) and the last post-burn
(t4) time, two-way hierarchical cluster analysis was employed, using Ward’s method of
linkage with Euclidean distance. We also analysed the plot ordination comparing the
pre- (t0) and the last post-burn (t4) times, using a non-metric multidimensional scaling
(NMDS) with species cover (%) and Bray-Curtis distance [32]. The significance of each axis
was estimated by a Monte Carlo test (250 runs). The multivariate statistical differences
among groups were tested using a multi-response permutation procedure (MRPP), also
with Bray-Curtis distance. All multivariate statistical analyses were performed using
PC-ORD [33]. Additionally, t0 bare soil and vegetation ground cover partitioned by
life-forms (graminoids, forbs, shrubs) and total were assessed by one-way analyses of
variance (ANOVA) using grazing (NG, LS, HS) as the main analysis factor. Likewise,
bare soil, vegetation ground cover classified by life-forms and total, as well as height of
dominant species, were analysed by two-way ANOVAs considering grazing (NG, LS, HS)
and post-burn times (t1, t2, t3, t4) as main analysis factors. The fern life-form was not
analysed by ANOVAs because it was observed in few plots for all grazing treatments. In
all cases, Shapiro-Wilk and Levene methods were used to test normality and homogeneity,
respectively. When ANOVA assumptions were not met, variables were transformed: (i)
in pre-burn analysis, bare soil cover was transformed by log (X + 1); (ii) in post-burn
analysis, forb and shrub covers were transformed by log (X + 1), while graminoid cover
was transformed by square root. Non-transformed data are shown in Tables. We used
the post-hoc Tukey test (p < 0.05) to compare mean values. ANOVAs analyses were
conducted using Statgraphics software (Statistical Graphics Corp., The Plains, Virginia,
USA). Complementary overlapping richness analysis [34] for the whole and the bovine-
palatable plants were performed to examine the differences in shared and exclusive species
among the three grazing treatments in pre-burn (t0) and post-burn (t1 to t4) assemblages.
3. Results
3.1. Composition of Vascular Plant Assemblages
In this study we detected 53 vascular plant species, 31 graminoids, 16 forbs, five
shrubs, and only one fern (Table S1). In the whole study, there were only two exotic
species, both graminoids (Andropogon bicornis and Imperata brasiliensis). Regarding life-
cycle, half of the forbs were annuals (eight species), as well as three graminoids, while
the other 42 species were perennials. Concerning palatability, this was not reported for
most (27 species, including 13 graminoids, nine forbs, four shrubs and one fern), while
seven had high palatability (all graminoids), 13 had medium palatability (7 graminoids
and 6 forbs), and six had low palatability (four graminoids, one forb and one shrub).
Some species were dominant in cover before and after burning (e.g., Andropogon
bicornis in NG), while some species observed in pre-burn were not recorded in post-burn
surveys, and vice-versa. Dominant species in cover (>50%) were seven native and two
exotic species (Table S1): one shrub (Clidemia rubra), six native graminoids (A. leucostachyus,
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Axonopus purpusii, Bulbostylis junciformis, Panicum laxum, P. versicolor, Trachypogon vestitus),
and two exotic graminoids (A. bicornis and Imperata brasiliensis). Cluster analysis showed
fairly well-defined groups of plots according to the pre- and post-burn assemblages (75%
of the remaining information in the analysis) (Figure 3). Considering the pre-burn assem-
blages, plots were clearly grouped by grazing treatment; while for the last post-burn time
(t4) assemblages, LS and HS were shared, and NG was split into two sub-groups.
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HS = high stocking rate. Species codes appear in Table S1.
When bovine-palatable species were analysed (Figure 3), some graminoids were not
affected by the fires and maintained their cover after the burning, such as A. purpusii and P.
laxum. In t0, the most representative species were A. bicornis, I. brasiliensis (graminoids) and
C. rubra (shrub) for NG, whereas in post-burn these were A. bicornis, I. brasiliensis and P.
versicolor (graminoids) (Table S2). These results highlighted the dominance and resistance
of A. bicornis and I. brasiliensis in pre- and post-burn treatments in non-grazed grasslands.
For LS and HS, the dominant species before burning were A. bicornis, A. leucostachyus and
P. laxum, while in the post-burn, Andropogon species continued to dominate the area but
burning allowed an increase in abundance of other species.
For N DS, a 3-di ensional solution was reco ended (final stress = 5.324, final
instability = 0.001), but only the two first axes were graphed (Figure 4): Axis 1 (p = 0.016) and
Axis 2 (p = 0.008). NMDS showed two different large groups, one formed by NG plots, and
the other by LS-HS plots. The main differences between these groups, mainly split by Axis
2, were the presence/absence of some species (Imperata brasiliensis, Paspalum conjugat m
and Adiantum obliquum were only found in NG, while A. leucostachyus, A. purpusii and
Caladiu acrotites ere characteristic species of grazed plots). r r, pre-b r (t0)
an post-b r (t4) surve s for each grazing treat e t also confor e different groups,
pre-burn assemblages being less dispersed and conspicuous than post-burn assemblages,
which presented greater dispersion. In NG, the five t4 surveys changed in a similar
direction compared with t0, although with dissimilar dimension. The changes in LS
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and HS presented more variable directions but quite similar dimensions, the pre-burn
assemblages being more compact and different, whereas post-burn assemblages were
more dispersed and less differentiated. Axis 1 was strongly associated with the change
direction driven by burning in the NG treatment, as well as with the split between LS and
HS in pre-burn. Changes in pre- and post-burn times in LS and HS were highlighted by
Axis 2, associated mainly with the reduction of cover in many species. MRPP confirmed
these patterns, being significant for the analysis (T = −7.747, A = 0.138, p < 0.001), in the
comparison among all grazing treatments within t0 and t4, and in the contrast between the
different survey times for each grazing treatment (Table S3). However, marginal differences
were observed between LS and HS treatments in t4 (T = −1.848, A = 0.076, p = 0.050).
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3.2. Vegetation Response to Differential Cattle Stocking Rates and Burning
In pre-burn assemblages (t0), total vegetation cover (%) was similar for all treat-
ments (>90% of cover), but significant differences were found between HS (with lower
values) compared with NG and LS (both with greater similar values, Table 1). On the
contrary, HS presented significantly higher bare soil cover (>5%) than LS and NG treat-
ments. Graminoids were dominant compared with other life-forms in t0, and significant
differences were found among grazing treatments, with LS > NG > HS. On the other hand,
shrub cover was greater in NG than HS than LS, while forbs (e.g., legumes) were detected
in greater abundance for HS, but without differences in the other grazing treatments.
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Table 1. One-way analyses of variance (ANOVAs) for bare soil and vascular plant ground cover (%)
at the pre-burn (t0) time, classified according to their life-form (graminoid, forb, shrub) and for the
total vegetation, where grazing (NG = non-grazed, LS = low stocking rate, HS = high stocking rate)
is the main analysis factor. Bare soil was log (X + 1) transformed to accomplish the assumptions of
ANOVA, but non-transformed data are shown.
Treatment Bare Soil Graminoid Forb Shrub TotalVegetation
NG 0.0 a 89.9 b 1.0 9.1 c 100.0 b
LS 2.3 a 96.0 c 1.7 0.0 a 97.7 b
HS 8.7 b 85.9 a 2.9 2.5 b 91.3 a
F (p) 12.29 (0.001) 28.07 (<0.001) 1.92 (0.189) 71.31 (<0.001) 12.29 (0.001)
F (p) = Fisher’s test and significance between brackets. Different letters for each column show
differences using Tukey test at p < 0.05.
Comparing before and after burning, total vegetation cover decreased post-burn to
40%–55% values. Cover of graminoids, as well as total vegetation, was significantly similar
between NG and LS in post-burn comparisons, and higher than HS (Table 2). Bare soil
followed the contrary pattern, with significant and lower cover in NG and LS than in HS.
Forb cover was similar for all treatments, and shrubs maintained higher cover in NG and
HS than in LS, but significantly lower regarding pre-burn values. Ferns (e.g., Adiantum
obliquum) were detected in NG since t2, but were not recorded during pre-burn samplings.
Considering the burning time points, bare soil decreased, while total vegetation and
graminoid covers increased from t1 to t4. Forbs and shrubs also increased with time, but
significant differences were detected only for t4. No significant interactions among grazing
(NG, LS, HS) and post-burn times (t1, t2, t3, t4) were observed, except for shrubs (p = 0.032).
Regarding the height of dominant plants, it followed the gradient NG > LS > HS in grazing
treatments and, as was expected, increased with time (Table 3), being greater in some
species (Table S2). Finally, there were no significant interactions among grazing (NG, LS,
HS) and post-burn times (t1, t2, t3, t4) in height.
Table 2. Two-way ANOVAs for bare soil and vascular plant ground cover (%) classified according to their life-form
(graminoid, forb, shrub) and for the total vegetation, where (A) grazing (NG = non-grazed, LS = low stocking rate,
HS = high stocking rate) and (B) post-burn times (t1 . . . t4) were the main analysis factors. Interactions A × B are also
analysed. Forbs and shrubs were log (X + 1) transformed to accomplish assumptions of ANOVA, while graminoid was
square-root transformed, but non-transformed data are shown. Average cover values for fern variables were added as
complementary information.
Factors Bare Soil Graminoid Forb Shrub Fern Total Vegetation
A: Treatments
NG 44.4 a 53.5 b 1.4 0.4 b 0.3 53.3 b
LS 47.0 a 51.2 b 1.8 0.0 a 0.0 52.9 b
HS 59.6 b 39.7 a 0.5 0.2 ab 0.0 40.4 a
F (p) 15.82 (<0.001) 14.45 (<0.001) 2.86 (0.067) 8.56 (0.001) - 16.27 (<0.001)
B: Post-burn time points
t1 72.9 d 27.0 a 0.1 a 0.0 a 0.0 26.6 a
t2 57.3 c 41.8 b 0.7 a 0.1 ab 0.1 42.2 b
t3 41.5 b 57.0 c 1.1 a 0.3 ab 0.1 57.3 c
t4 29.7 a 66.7 d 2.9 b 0.4 b 0.3 69.6 d
F (p) 63.35 (<0.001) 60.48 (<0.001) 7.35 (0.004) 4.31 (0.009) - 77.90 (<0.001)
Interaction: A × B
F (p) 1.72 (0.136) 1.55 (0.182) 1.12 (0.367) 2.54 (0.032) - 2.00 (0.084)
F (p) = Fisher’s test and significance between brackets. Different letters for each column show differences using Tukey test at p < 0.05.
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Table 3. Two-way ANOVAs for height (cm) of dominant plant species, where (A) grazing
(NG = non-grazed, LS = low stocking rate, HS = high stocking rate) and (B) post-burn times (t1
. . . t4) were the main analysis factors. Interactions A × B are also analysed. Species height from t0 to












F (p) 23.90 (<0.001)
Interaction: A × B
F (p) 2.00 (0.083)
F (p) = Fisher’s test and significance between brackets. Different letters for each column show differences using
Tukey test at p < 0.05.
3.3. Exclusive and Shared Plant Species among Grazing Treatments
In the study area, pre-burn (t0) time showed a total richness of 26 species (Figure S1)
across all grazing treatments, sharing only two (8%) species among the three treatments.
The higher number of exclusive species was found in HS (seven species) followed by NG
(four species) and LS (three species), while there were seven species shared only between
HS and LS, two between HS and NG, and only one between LS and NG. Post-burn t4, total
richness reached 44 species, but only three species were shared among the three treatments.
NG presented the higher number of exclusive species (16 species), contrary to the outputs
found in t0, with six exclusive species in HS and four in LS. NG doubled the number of
species shared only with HS compared with t0 (four species), without any species shared
between NG and LS. The number of species shared only between LS and HS also increased
(from seven to 11 species) in the post-burn comparisons.
Bovine-palatable species richness (Figure S1) pre-burn was higher in LS and HS (seven
species each) than in NG (two species), whereas LS and HS had a higher number of shared
(five) and exclusive (two each) species, and NG had only one exclusive and one shared
species. However, in post-burn (t4) comparisons, this trend changed, NG presenting more
palatable species richness (14 species) than LS and HS (12 and 11 species, respectively),
whereas more palatable species (eight species) were shared between LS and HS, but more
exclusive species also appeared in NG (10 species) while exclusive species in LS were four
and in HS only one.
4. Discussion
4.1. Vascular Plant Assemblages before and after Burning
Our result showed the dominance and resistance of Andropogon bicornis and Imperata
brasiliensis in non-grazed grasslands before and after burning, as was reported by Peñuela
et al. [18]. In addition, Panicum versicolor was favored by burning, probably due to the
removal of competition from other grass species with dense foliage (e.g., A. bicornis), facili-
tating the growth of suppressed species in the pre-burn condition, e.g., Adiantum obliquum
(fern), Hyptis mutabilis (forb), Leptocoryphium lanatum (graminoid), and Sida acuta (shrub).
These changes in composition and dominance of species are important for land manage-
ment, due to their contribution to the evidence the changes induced by burning could
increase local diversity, e.g., I. brasiliensis is known for its rapid post-fire recovery and often
becomes dominant after disturbances [35]. Related to bovine-palatable species, our findings
were coincident with Rippstein et al. [27] who suggested that, under continuous forage,
Land 2021, 10, 108 10 of 14
Andropogon species (dominant or codominant in grasslands) reduce their covers whereas
Axonopus species increase. Previous studies have reported similar species suppression due
to higher cattle stocking rates in temperate grassland of the northern hemisphere [13,36].
Pre-burn assemblage vegetation in grazed areas (e.g., LH and HS) was more similar
than vegetation assemblages in non-grazed areas, as was graphically shown in NMDS
and correlated, for example, with higher percentage of Panicum laxum and A. purpusii
(graminoids) in pre-burn treatments. This can be influenced by continuous bovine foraging
which, in synergy with the impacts of burning, stimulates the development of other
species. This could be the case of A. purpusii, for which burning would appear to have
influenced growth more than with other species, homogenizing the vegetation along the
way. Previous studies in other grasslands in the northern hemisphere have reported that
cattle show significant preference for recently burned patches, and this preference declines
with time [36,37]. The same trend was observed for tropical savannas with pines, where
fire suppression management is implemented using cattle grazing to reduce fire risk [38].
Regarding stocking rate, previous studies have shown that overgrazing of savannas is
related to the size of the animal and grazing habits [27,39] and not only to the number
of animals. Therefore, many cattle and management characteristics must be considered
in the evaluation of their impacts on plant assemblages. Grazing with cattle could help
conservation, as shown by Török et al. [13] for other grassland landscapes.
4.2. The Effects of Burning and Previous Grazing Intensity on Vegetation Composition
and Structure
Differences in plant assemblages in pre- and post-burn surveys were detected among
the different cattle stocking rates (NG, LS, HS), as well as in vegetation and bare soil cover
(Tables 1 and 2). This agreed with Rippstein et al. [27] in areas with high cattle stocking
rates. As was expected, graminoid species (e.g., A. bicornis) were dominant in pre-burn
surveys. Moreover, a greater presence of forbs was detected in LS and HS. The higher
shrub cover for NG in t0 indicates a recovery of woody vegetation without cattle grazing
and fire, as was reported previously for other authors [7,23]. This positive effect of fire
suppression on woody cover has been widely studied during recent years [3,4,6]. Abreu
et al. [4] suggested that fire suppression was associated with acute species loss, as they
observed in flooded savanna specialist species in the Brazilian Cerrado. The detection of
some ferns after burning in t2 in NG, not previously recorded in pre-burn treatments, could
be due to ferns usually requiring moderate fire to release apical dominance and stimulate
bud break [40]. Therefore, burning favors fern growth in the absence of cattle grazing.
For all pre- and post-burn time treatments, the bare soil cover decreases as the
graminoid cover increases from t1 to t4, with a quick increment of graminoid richness. A
similar trend of cover recovery was observed for forbs and ferns, but in a lower proportion.
Shrubs were not recorded in LS (pre- and post-burn), due to ranchers removing shrubs with
low palatability to enlarge and promote cover of graminoids for cattle grazing in traditional
savanna management. During t3 and t4, the three grazing treatments show a significant
increase in total plant cover (>50%). This rapid cover increase could be explained by the
abundant rainfalls at the end of the dry-rainy transition period that stimulate the growth
of the savanna vegetation [23,24]. Huertas Herrera et al. [25] show that flood and drought
events are decisive for land use because the forage biomass depends on the dynamics of the
soil water, and burning management depends on the soil moisture. In addition, the ashes
generated after burning act as self-fertilizer for the plants in combination with rainfall, as
was reported by Moog [41]. Huertas Ramírez [42] suggests that burning could improve the
regrowth of plants of high nutritional quality for cattle.
Regarding the height of dominant plants, natural grasslands with different cattle
stocking rates presented different heights, even when dominant species presented the
same behaviour after fires. This suggests that the post-burn time did not increase or
decrease the height of the species more than the expected growth across the season. In t0, A.
bicornis presented the greatest height for all treatments. Such results highlight the strategy
followed by the Andropogon genus (including one exotic species, A. bicornis), which can
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be explained by its graminoid life-form (e.g., dense tufts) and foliar extension which may
form upright culms that reach up to 3 m in height [23]. Previous studies in the savanna
indicate that biomass is related to soil water availability, and leaf nutrient content to soil
fertility [27,43]. Trampling, soil compaction and changes in species composition due to
selective grazing are also drivers of change [36,38]. The smaller heights recorded for HS
could be explained by the nutrient losses from annual burning. Besides, some species
are sensitive to cattle trampling [43,44], e.g., HS evidenced a predominance of Paspalum
parviflorum and Trachypogon vestitus more than LS (Table S2). This result indicates that
cattle trampling by Bos indicus (~300 kg) had more significant impact reduction than fire
on some graminoids of erect growth in dense tufts. However, since cattle trampling was
performed here before fires, this effect could depend on the time since grazing occurred.
We can conclude that greater growth of species in NG grasslands can be influenced by
burning due to the improvement in nutrient availability due to ashes (that increase soil
fertility), as was reported by Hernández and López [45].
4.3. The Role of Grazing and Burning Management
LS and HS treatments shared more species than the other treatments, where several
bovine-palatable species occurred in LS and HS, with many exclusive species in NG.
After burning, several palatable species increased in the studied treatments. Early studies
showed that fires in savanna stimulate the growth of bovine-palatable plants promoted by
the management of local people [6,7], e.g., adequate levels of burning and grazing favor A.
purpusii and Paspalum spp. [25], highly palatable species for cattle [18]. Moreover, burning
improves the diet of bovines in most lignified grasslands, such as T. vestitus (graminoid),
encouraging the forage of fewer appetizing species, such as A. bicornis, L. lanatum and A.
leucostachyus (graminoids) [17,18]. Therefore, our results agree that burning improves the
forage offer to cattle, observing an increase in the richness of palatable species over time.
The description of short-term consequences of different grazing and burning histories
according to different stocking rates could be useful for grazing management, defining
the benefits and trade-offs of grazing for a sustainable management strategy in savannas
and other tropical ecosystems, which is widely debated in ecology and conservation
biology [9,17,18,25,27,44]. In savanna ecosystems, cattle grazing and fire management may
represent opportunities for combined nature conservation and production. In this context,
our work could bring information for decision-makers on the ecological role of grazing
and burning. For example, division of paddocks for different grazing rates could improve
control in recovery, managing the cover and height of native-palatable species through
the increasing or decreasing of the stocking rate in each paddock. Grassland productivity
could also be preserved with controlled burning, avoiding the dominance of exotic and less
palatable species, which could be dominant in fire restricted and non-grazed grasslands.
Post-burn recovery time (from t3 to t4) of grasslands is crucial because this defines the
periods of occurrence and recovery of native plants with special interest to producers (e.g.,
A. purpusii, graminoid). This can lead to the creation of beneficial grassland characteristics
both for conservation and cattle production. Mapiye et al. [46] also describe the ecological
role of grazing and burning for local conservation and production systems in the savannas
of southern Africa, e.g., burning controls unwanted and undesirable plant species on
rangelands and enhances cattle productivity. Huertas Herrera et al. [25] also note that
burning and grazing provide food for wildlife. However, burning can affect fire-sensitive
species (e.g., palms, fishes, mammals), therefore, it is crucial to protect and maintain natural
area legacies as a home for native wildlife [17,18,25]. In addition, the effective management
of fire on the savannas could be useful to guide conservation strategy programs in natural
grasslands (e.g., opportunities for carbon dioxide and uncontrolled wildfire mitigation)
through the rational use of burning, as Lipsett-Moore et al. [11] suggested for countries
in Africa, South America, Australia and Papua New Guinea. In tropical savannas, carbon
mitigation programs promote forest cover, but not direct benefits for conservation [4].
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Cattle are usually assumed to have adverse effects on nature conservation, but several
studies have also reported positive and neutral effects [9,44,47].
5. Conclusions
In the study site, savanna vegetation cover and height quickly recover after burning,
despite different cattle stocking rates. However, substantial changes occur in vegetation
composition and cover of several life-forms after burning, and due to previous grazing or
the intensity of grazing. The right choice of both factors would benefit cattle production
and savanna conservation, due to the fact that many native-palatable species can be
maintained after fire. Besides, the exclusion of grazing in some areas can contribute to
the survival of unique species in the savanna. Some exotic and low bovine-palatable
species (e.g., A. bicornis) show resistance to grazing both in cover and height. Areas
with grazing subjected to fire have higher representativeness of palatable vascular plants
than non-grazed areas, mainly after fires. However, before burning, a high stocking
rate of bovines favors the cover of some low height species (e.g., A. purpusii, a very
palatable species), as well as bare soil ground cover. The assemblage of the species is
different before burning according to the previous presence or not of cattle, as well as its
stocking rate. After burning, the assemblages become more heterogeneous than under
grazing (e.g., there is a greater plant assemblage dispersion in post-burn areas). This
combined effect of fire and grazing as environmental drivers could be important for land
management, particularly the differences between low and high-intensity grazing. These
outputs also highlight the need to explore new alternatives for savanna management that
aim to reconcile cattle production and biodiversity conservation, e.g., cattle activities on
vegetation communities with palatable native plants could represent conservation and
production integration scenarios which contribute to reduce the use of burning, since
bovines favor the establishment of palatable species.
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species among treatments in pre- (t0) and post-burn (t4) times. The numbers displayed in the
diagrams correspond to species richness, considering: (a) total species, and (b) palatable species.
NG = non-grazed, LS = low stocking rate, HS = high stocking rate; Table S1: Species list of vascular
plants classified by life-form (graminoid, fern, forb and shrub) and taxonomic group (dicots, monocots
and pteridophyta), showing code, origin (N = native, E = exotic), life-cycle (P = perennial, A = annual),
palatability (NR = no-reported, L = low, M = middle, H = High) and presence in plots for the
studied treatments (NG = non-grazed, LS = low stocking rate, HS = high stocking rate) in pre- (t0),
and post-burn (t1, t2, t3, t4) times; Table S2: Height (cm) of dominant species (>50% cover) for
different treatments (NG = non-grazed, LS = low stocking rate, HS = high stocking rate) in pre-
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HS = high stocking rate) in pre- (t0) and post-burn (t4) times.
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